In order to apply hybrid capacitor, Li 2 Mn 3 O 7 was synthesized by combustion method using LiNO 3 , Li(CH 3 COO)·2H 2 O and Mn(CH 3 COO) 2 ·4H 2 O. Spinel pattern was identified the samples calcined over 400 o C in XRD. Intensity of Mn 2 O 3 peak increased as the calcination temperature increased. To decide n/p ratio and to investigate electrochemical properties, charge-discharge tests of Li/ Li 2 Mn 3 O 7 and Li/AC half-cell were carried out. Applying to AC/Li 2 Mn 3 O 7 hybrid capacitor, it had high discharge capacitance of 32.8 F/cc at 100 mA/g.
Introduction
For the purpose of higher energy density, easier synthesis of electrode material, less toxic of starting material and lower price, many researchers has been studied hybrid capacitor using Li 4 Mn 5 O 12 which reported high specific discharge capacitance, good electrochemical properties. [1] [2] [3] [4] [5] 1) Therefore, we expect that it is possible to synthesize at low temperature for short time as well as Li 2 Mn 3 O 7 is also possible to use cathode material in hybrid capacitor. Hence, hybrid capacitor using Li 2 Mn 3 O 7 has been studied, yet.
In this work, Li 2 Mn 3 O 7 was synthesized by combustion method at the various temperature and time. Deformation of structure was identified by XRD. Morphology of the samples was observed by SEM. Cell performance and cycle ability were investigated in non-aqueous electrolyte system. . Li 2 Mn 3 O 7 and AC were used as positive and negative material in full-cell, respectively. LiPF 6 in PC and Celgard 3501 were prepared for electrolyte and separator, respectively. All cells were fabricated in argon-filled glove box.
Expremental
Charge-discharge tests of Li/Li 2 Mn 3 O 7 and Li/AC half-cell were performed at various current density in 3.7~4.4 V and 2~3 V, respectively. Applied current of Li/Li 2 Mn 3 O 7 half-cell was 11, 16, 30, 55, 100, 150 and 250 mA/g. Applied current of Li/AC half-cell was 10, 20, 50, 100, 200 and 400 mA/g.
Charge-discharge test of AC/Li 2 Mn 3 O 7 full-cell hybrid capacitor was carried out constant current (CC) -constant voltage (CV) charge and constant current discharge. Each step of charge-discharge test set rest time for 10 second. Applied current was 100, 300, 600, 900, and 1200 mA/g and operating window was 1~2.5 V. o C showed the mixture pattern of Fd3m and unknown. All peaks were broad which was considered to the low crystallinity resulted in the low calcined temperature and time. As the calcined temperature and time increased, peak intensity increased. Intensity of Mn 2 O 3 peak also increased as the calcined temperature increased. Some researchers [10] [11] [12] reported that, due to the manganese reduction from tetravalent to trivalent, Li Especially, in the case of the sample calcined at 600 o C for 5 h, it was clearly observed that peaks shifted to low angle. In order to investigate the structural change, lattice constant was calculated and summarized in Fig. 2. In Fig. 2 , the sample calcined at 600 o C for In order to decide the n/p ratio, half-cell test of AC carried out, and the result showed in Fig. 7 . All curves seemed to be linear shape. In Fig. 5 , discharge capacity at 100 mA/g was 48.53 mAh/g. And, in Fig. 7 , charge capacity at 100 mA/g of AC was 23.28 mA/g. So, the mass ratio between Li 2 Mn 3 O 7 calcined at 400 o C for 5 h and AC decided to 1 : 2.08. AC/Li 2 Mn 3 O 7 full cell fabricated by the decided mass ratio, and then chargedischarge test performed. Fig. 8 is discharge curves of AC/Li 2 Mn 3 O 7 hybrid capacitor at various current density in 1~2.5 V. Discharge curves showed nearly linear at low current density, although non-linear discharge shape was observed at higher current density. By using the data in Fig. 8 , volumetric discharge capacitance was calculated, and the result showed in Fig. 9 . The equation as below: (2) where C is volumetric discharge capacitance, ∆t is discharge time, I is applied current, ∆V is voltage difference and A is sum of total electrode volume. AC/Li 2 Mn 3 O 7 hybrid capacitor had high discharge capacitance of 32.8 F/cc at 100 mA/g and it had good discharge capacitance of 14.1 F/cc at 1200 mA/g. hybrid capacitor, discharge curves showed nearly linear at low current density. Volumetric discharge capacitance showed 32.8 F/cc at 100 mA/g and 14.1 F/cc at 1200 mA/g. 
Results and Discussion

Conclusion
C t ∆ I × V ∆ A × ----------------- =
